INTRODUCTION
An invitation from the Editor to write a Prefatory Chapter for Annual Review of Phytopathology, particularly for the first volume of the new millennium, is a distinct honor but one that, once accepted, is accompanied by a certain amount of apprehension. I am certain that the Editorial Board expects that a retired professor must have something interesting or important to say about the changes that have occurred in the field during the past century, but that this may be only a tribute to his longevity rather than to his perspective. I have indeed witnessed the extraordinary changes that have occurred in the field during the past half-century, but gained insight about the first half only through contact with my elders and their writings. I was fortunate that my teachers and colleagues included William ("Cap") Weston, KV Thimann, JC Walker, AJ Riker, James Dickson, George Keitt, and many others who have had so much to do with the emergence of phytopathology and related plant sciences during the first half of this century. As a young professional, I was also fortunate that so many giants in the field, such as EC Stakman, William Snyder, Armin Braun, Harold Flor, FC Bawden, were still making important contributions to the field. Just as Sputnik propelled the development of space exploration, mathematics, astronomy, and related sciences in the 1960s, the contributions of these outstanding scientists propelled the science of plant pathology from an embryonic stage to a young, rapidly growing, endlessly interesting science.
My charge, to describe the important developments in the field of plant pathology during the past century, is made much easier by two facts: (a) research contributions of plant pathology to the field of basic biology and to the development of new products for industry have been described in considerable detail by Kelman in 1995 (12) , and (b) the body of this volume of Annual Review of Phytopathology consists of chapters by distinguished colleagues who recount the major contributions made during the past century in each of the different specialties that make up our science. There would be no useful purpose in repeating this information here. Rather, I intend to describe my own, highly biased views as to things that our profession has done very well, as well as to those that we have not done well at all. Those who will look in these pages for a strict self-congratulatory message will be disappointed. Those who will look for challenges that the new millennium will hold for our science may be stimulated by my critical assessment of the areas that we have failed to advance or support during the past 100 years. The examples that I will give stem mostly from my personal experience in the fields of phytobacteriology, biotechnology, and international agriculture, which have been the focus of my professional career.
BIRTH PANGS AT THE TURN OF THE CENTURY
Plant pathology was born out of necessity. The pests and diseases that robbed the people's food in the field or in storage had plagued humanity for millennia and reached a climax with the suffering of the Irish during the potato famine in the mid1800s. The desperate calls for help finally brought the most eminent scientists of the day into a search for an answer, and the answer was provided by Anton deBary, long considered the father of plant pathology. Notwithstanding the importance of deBary's work, it was Pasteur and Koch who, much later in the nineteenth century, provided the most convincing evidence for the microbial nature of infectious disease. Despite the abundant evidence that bacteria were responsible for anthrax, cholera, typhoid, tuberculosis, and other animal diseases, doubts remained about their involvement in plant diseases. The early l900s, for example, witnessed the acrimonious debate between Alfred Fischer, a distinguished German scientist who did not believe that bacteria were plant pathogens, and Erwin F Smith, the most eminent plant pathologist in the United States at the time and who had described a large number of plant diseases caused by bacteria. Smith was the clear winner of the debate.
I do not wish to belabor the details of this debate, although it was an extremely interesting page in the history of plant pathology and duly recorded in one of the Phytopathological Classics published by APS Press (6) . I mention the debate only to make the point that less than 100 years ago, the world had not fully shaken off the influence of the ancient Greek philosophers who had been strong proponents of spontaneous generation and who believed that environment was the cause of disease. Alfred Fischer was only one of many scientists who, in the twentieth century, still believed that bacteria in diseased tissues were the result rather than the cause of disease. We have come a long way since then. Today, phytobacteriology is one of the leading areas in plant pathology and has attracted a vast number of scientists from areas other than plant pathology, as any recent issue of Molecular Plant-Microbe Interactions or The Plant Cell would attest. It might be useful to describe how this change was brought about.
Smith's monumental contributions, summarized in his monograph, Bacteria in Relation to Plant Diseases, published in three volumes from 1905 to 1914 (19) , provided much impetus to the fledgling American plant pathology. Yet he worked essentially alone and even though, later in life, he opened his research laboratory to younger associates (LR Jones, FV Rand, F Hedges), he did not establish a dynasty or a school where young scientists came to nurture their enthusiasm for the newly discovered science of phytobacteriology. Not surprisingly, therefore, upon his death in 1927 phytobacteriology began to wane. To be sure, plant pathologists continued to describe a wide variety of diseases caused by bacteria and some fundamental aspects of their ability to cause disease (e.g. cell wall-degrading enzymes, tumor formation, etc) continued to be investigated, but the science of phytobacteriology did not keep stride with the great advances in animal bacteriology and in microbiology in general. By the time I began my graduate career in 1949, plant pathology was dominated by mycology and virology, the latter field having received great stimulus by Stanley's discovery in 1935 that tobacco mosaic protein could be crystallized (20) .
As a young professional plant pathologist in 1953, the bacterial wilt disease caused by Ralstonia solanacearum (previously Pseudomonas solanacearum) and first described by Erwin F Smith in 1896 (18) became my major research responsibility, but there were only a handful of scientists in this country and abroad whom I could call upon for help. I was fortunate that Arthur Kelman had begun an active research program in phytobacteriology at North Carolina State University at that time and he became an important collaborator for the rest of my scientific career.
PHYTOBACTERIOLOGY COMES OF AGE
As is often the case in science, a single individual, because of the nature of his or her contributions and personality, can be responsible for the resurgence of a particular field. For the field of phytobacteriology, that person was Armin C Braun who did his research at the Rockefeller Institute for Medical Research in New York. I was fortunate to be in the audience at a symposium held at the fiftieth anniversary of the American Phytopathological Society in 1959, where Armin Braun and his collaborator, Ross Pringle, presented evidence that the crown gall bacterium, Agrobacterium tumefaciens, caused permanent transformation of plant host cells leading to their autonomous, rapid growth in culture. In the same session, Braun & Pringle provided evidence that the wildfire toxin (produced by Pseudomonas syringae pv. tabaci) is a structural analogue of methionine that "owes its biological activity to its behavior as a naturally occurring antimetabolite of that essential amino acid" (5) . If that were not enough, their paper also included evidence for the extreme specificity and high biological activity of the toxin produced by Helminthosporium victoriae. These were landmark contributions that provided a high level of excitement in the audience and, I suspect, moved many of us to rush to the laboratory and search for similar disease determinants in our systems.
The importance of Braun's discovery of the means to determine the permanency of transformation in crown gall cells cannot be overstated. I may be guilty of hyperbole, but I believe that today's enormous investment in the plant biotechnology industry had its origin in Braun's work. He provided the basis for the demonstration, much later, that DNA transferred from the bacterium to the plant cell was the tumor-inducing principle (7) . The logical next step was to borrow the bacterial system for transformation to introduce useful foreign genes into crop plants. The Agrobacterium system is still used today, even though more efficient methods of introducing DNA into plant cells have been devised.
That chemical signals from the pathogen could determine the ultimate fate of its interaction with the host suggested the tantalizing possibility that susceptible plant varieties have membrane receptors for these signals, whereas resistant varieties lack such receptors. Thus, to understand the response mechanisms to such signals was to understand the nature of disease resistance. Therefore, Braun's work on a fungal toxin provided the basis for the eventual isolation and cloning of the first disease resistance gene in plants by Steven Briggs and colleagues at Pioneer Seed Company (11) . Thus it is in science; one landmark contribution provided the basis for another landmark contribution.
PHYSIOLOGY SUPPLANTS TRADITIONAL MYCOLOGY
It is often stated that the first 50 years of plant pathology, as a scientific endeavor, was a descriptive effort in the hands of traditional, taxonomically inclined mycologists. This is not surprising. Our major grain crops are affected by a wide variety of diseases caused by fungi. These diseases required description and, therefore, identification of the pathogens. Rusts, smuts, and mildews of the widest variety were described following deBary's monumental contributions to the etiology of grain rusts and potato late blight in the 1850s and 1860s. By the turn of the century, when major departments of plant pathology were being established in this country and in Europe, the greatest staffing needs were for well-trained mycologists. Training of students, likewise, emphasized mycology, for this area of plant sciences was the basis for a career where etiology would be a major component.
Mycology began to change, however. By mid-century, the approach had shifted from a traditional taxonomic and industrial focus to one that stressed the biology of the fungi. Weston, in this country, and Kniep, in Europe, emphasized life cycles, sexuality, the alternation of generations, and spore and gamete discharge, for example. In addition, the concomitant advances in biochemistry and genetics made Neurospora and yeasts the favorite tools for the study of biosynthetic pathways. Fungal physiology became a subject of great interest and opened up approaches to the study of host-parasite interactions. However, it is a mistake, as Walker has pointed out, to believe that the extraordinary emphasis on disease physiology in the 1950s constituted a totally new approach (22) . The fact is that deBary himself had suggested that fungal "ferments" might be responsible for the tissue maceration that is typical of soft-rot diseases and by 1910, Ward had demonstrated that the active principle in fungal enzymes was heat-labile and must be an enzyme (16) . Thus, the era of physiological approaches really began in 1910 or thereabouts and continued unabated for another 50 years. Although a large number of pathogen enzymes were described, their role in pathogenesis and virulence, for the most part, remained a mystery. This is not surprising, for physiology is a very inexact science. The physiological changes that occur in plants upon infection can be recorded, but, in the absence of genetic evidence, one must rely on guesses rather than hypotheses to explain how these changes relate to infection, pathogenesis, disease resistance, or other phenomena.
Having established that morphological changes occurred upon infection of the host, it was a simple step to the notion that there must be diffusible signals from the pathogen that are perceived by host cells. The search for such signals, with the exception of host-specific toxins, was a hit or miss proposition. The initial search was devoted to growth hormones, for in the 1950s, indoleacetic acid (IAA) and similar biologically active substances were greatly in vogue. Many plant pathogens produce IAA in culture; thus, its production in the host could help explain the growth alterations that are characteristic of many diseases and, perhaps, solve the mystery of disease resistance (17) . The hormonal approach, however, did not provide any useful answers, although these studies provided the basis for later work on the origin of galls and other abnormal growth phenomena.
Concurrent with the work on hormones, plant pathologists had turned their attention to the active metabolic poisons that many plant pathogens produce in culture. A very significant advance was the demonstration that some of these compounds exhibited differential activity on susceptible and resistant plant varieties.
Other toxins exhibited specificity in terms of their target within plant cells, where they blocked a clearly defined link in a metabolic pathway (5) . The great interest in the mode of action of bacterial and fungal toxins was justified and, indeed, this research resulted in the demonstration, for the first time, that (a) some of the toxins are primary determinants of pathogenicity, and (b) the susceptible varieties contained receptors for the toxins, but these receptors were absent or were blocked in resistant varieties. While much of the work on disease physiology in the 1950s and 1960s yielded very little that was truly significant, we can point with pride to the work on toxins, particularly in the United States and Japan, that resulted in the isolation, identification, and determination of the mode of action of numerous toxins produced by plant pathogens (8) .
GENETICS AND BIOCHEMISTRY SUPPLANT PHYSIOLOGY
As a whole, plant pathologists were slow to adopt the technology developed initially by Beadle & Tatum in 1945 (3) for Neurospora crassa that led to great advances in the study of intermediary metabolism. The use of mutants of this fungus revealed that this metabolism is characterized by a series of steps, each catalyzed by a distinct specific enzyme. The work led to an important generalization: Most mutations affected only a single step in a metabolic pathway, thus one gene must code for a single enzyme. Mutations that caused a block in a certain pathway could be overcome by supplying the terminal product or one of the intermediates in the pathway. Therefore, the function of that particular blocked gene could be inferred.
The obvious corollary was that the genes that control nutritional requirements, pathogenicity, virulence, and other important characteristics of plant pathogens could be determined by means of mutants, in much the same way as in Neurospora. This seems to have escaped the vast majority of our colleagues at the time. One reason is that we lacked the proper means to screen a large number of mutants for functions other than nutritional requirements, which could be established in vitro. The work of Boone & Keitt (4) on genes that control pathogenicity in Venturia inaequalis was a notable exception. As we shall see later, a resurgence of the use of mutants to study virulence and pathogenicity did not occur until molecular methods became available in the 1970s.
The middle of the century, however, saw the emergence of the gene-for-gene concept, one of the most notable contributions to science by plant pathologists. At the same Jubilee Symposium of 1959 alluded to before, I remember that, as a young plant pathologist, I was mesmerized by the presentation by Harold Flor, who was not one of our most dynamic speakers, on the evidence for gene-forgene interactions in flax rust. What held our attention was the beauty of the hypothesis he had deduced from a long and tedious comparison of the genes that control virulence in the pathogen and the genes required for resistance in the host.
Flor established the concept that the genes that condition the reaction of the host could be identified only by their interaction with specific strains of the parasite, while those that condition pathogenicity in the parasite could be identified only by their interaction with specific varieties of the host. A resistant reaction was the result of the interaction of a dominant gene for avirulence in the parasite and a dominant gene for resistance in the host. To a geneticist, the gene-for-gene hypothesis was merely a statement of the obvious; to a plant pathologist, however, the concept that avirulence is a positive function seemed rather esoteric. Soon, however, Flor's great generalization was found to apply to a wide variety of hostparasite interactions.
Since the interactions between avirulent strains of the pathogen and resistant hosts usually lead to a hypersensitive response (HR) characterized by rapid death of the host cell, a simple corollary emerged: There must be chemical signals from the pathogen (the so-called elicitors) that initiate programmed death of the host cell. The search for such elicitors proved elusive, however. What constituted the HR became an issue, and numerous investigators chose the production of secondary metabolites, which frequently accompany the HR, as a measure of the resistant response. The nature and biological activity of these compounds, termed phytoalexins, became the focus of attention of biochemists and plant disease physiologists for many years. As we shall see later, this emphasis on phytoalexins as the primary mechanism of disease resistance may have been misplaced. Although their role in eventual containment of the parasite is still being argued, phytoalexins clearly are not essential for a resistant response (9) .
THE ADVENT OF MOLECULAR GENETICS
The development of techniques to isolate, clone, and sequence DNA constituted a significant revolution in biology that started in the 1960s. Plant pathologists, it must be recognized, were quick in adapting this technology to examine the validity of Flor's gene-for-gene hypothesis. Bacterial pathogens and their hosts proved to be the most suitable systems for molecular approaches and, by 1984, Brian Staskawicz and colleagues were able to report on the cloning of avrA, an avirulence gene from a race 6 strain of Pseudomonas syringae pv. glycinea. When transferred to other races of this bacterium, this gene conferred the ability to elicit a resistant response on cultivars of soybean that have the Rpg2 gene for resistance. This was a very significant advancement, for it demonstrated that avr genes impose race specificity on a pathogen, as predicted by the gene-for-gene hypothesis. By now, over 30 avirulence genes have been cloned from bacterial plant pathogens (1) .
Comparable, significant advancements were made in the isolation and characterization of the products of avr genes, the so-called elicitors. Such molecules were first identified by Noel Keen and collaborators, who exploited the interaction of P. syringae pv. tomato expressing avrD and resistant soybean lines (10) . Similar avr gene products have been isolated from several pathovars of P. syringae and several species of Xanthomonas. It is interesting that Avr proteins exhibit no defining physical characteristics and, as a result, their mode of action remains unknown. A different group of HR-inducing proteins, the harpins, are also secreted by many plant-pathogenic bacteria when grown in minimal media. Unlike Avr proteins, however, harpins do not control host range directly (1) .
The great advantages of bacterial systems for molecular studies have never been more evident than in recent studies on the nature of the systems that bacteria utilize to deliver elicitors and other pathogenicity factors into host cells. Over a decade ago, Christian Boucher and colleagues had identified, by transposon mutagenesis, a large gene cluster in Ralstonia solanacearum that governed either the induction of the HR in nonhosts or the development of disease in susceptible species (21) . This so-called hrp region has now been identified in many genera of plant-pathogenic bacteria. In fact, nine of the Hrp proteins in R. solanacearum have homologues in mammalian gram-negative bacterial pathogens. These homologues are involved in the machinery for secretion of proteins in species of Yersinia, for example. These proteins are actively injected into host cells and are targeted to the nucleus. This has led to the exciting possibility that plant and animal bacterial pathogens utilize similar systems for delivery of elicitors and other proteins into the host.
The ability to obtain answers to questions that had plagued plant pathology for decades explains the popularity of molecular biology among our young colleagues. In a broad sense, molecular biology and its applications to plant pathology began with the work of virologists many decades ago. The discovery that tobacco mosaic virus (TMV) could be crystallized gained a Nobel Prize for WM Stanley and instant recognition to plant pathology as a field for modern research. Stanley, however, was a biochemist with an interest in plant viruses. Like Stanley's contributions, many of the subsequent advances in our knowledge of virus structure and crystallography were made by biochemists and biophysicists, not by plant pathologists. A brilliant exception, of course, was the discovery by Bawden et al in 1936 that TMV is a nucleoprotein (2), which opened up the field of general plant virology and of research on virus diseases of humans and animals. Since then, an increasing number of plant virologists have considered themselves molecular biologists and many of them have made substantial contributions to that field. The isolation and identification of plant viruses, for example, required the use of techniques, notably density-gradient centrifugation (12) , which became widely used for the study of macromolecules in general. The early interest in virus structure and organization soon gave way to an extraordinary wave of activity on the nature of the viral genome and of viral gene function, which was possible when techniques to isolate and clone DNA became available.
I am reminded by Stanley's momentous discovery that plant pathologists have failed, in many instances, to take advantage of the opportunities for discovery in the systems they have described. Other scientists, with different backgrounds, have seen the possibilities that we failed to recognize. The crystalline nature of the TMV particle is but one example. Consider the many "off the wall" explanations that plant pathologists offered for over 50 years to explain the autonomous nature of crown gall. It took the work of molecular biologists and microbiologists to establish that DNA was, in fact, transferred by the crown gall bacterium into plant host cells (7) . Many other examples of lost opportunities, including the nature of the substances (gibberellins) responsible for the "bakanae" disease of rice, the unusual properties and commercial applications of xanthan gums, the cloning and sequencing of genes for plant disease resistance, etc, are apparent in the literature. We should rejoice, of course, that other scientists have been attracted to the systems that were studied by plant pathologists, but I cannot repress a certain amount of frustration. It is often said that opportunities are lost by those who are not prepared to recognize them. I am afraid that, in many instances, we lacked insight and the tools to approach problems that others were able to solve.
To be sure, certain questions within the domain of plant pathologists could not have been answered until specific techniques became available and interdisciplinary approaches were in place. The nature of disease resistance in plants, for example, had remained the Holy Grail of plant pathologists for a century. It remains one of the major unsolved questions in the entire field of biology, but we are getting closer to an answer as a result of the concerted action of plant breeders, molecular geneticists, and biochemists. Plant pathologists had learned a great deal about the existence of genes for disease resistance long ago and had been remarkably adroit in incorporating these genes in our major crops by traditional breeding techniques. Yet, the nature of these genes and how they functioned remained unknown. We had to wait until molecular biologists stepped in and attained, in a remarkably short time, what had been considered impossible only a decade ago: the isolation and sequencing of a gene for resistance.
The first cloning of a resistance gene was accomplished by transposon tagging of Hm1, a gene in maize that provides resistance to race 1 strains of the fungal pathogen, Cochliobolus carbonum (11) . The gene encodes a reductase that inactivates a potent toxin produced by the fungus; thus, this was not a classic avr-induced gene for resistance. Cloning of the latter, the Pto gene that provides tomato plants with resistance to Pseudomonas syringae pv. tomato, was reported soon thereafter (13) . This gene was found to encode a protein with similarity to serine-threonine protein kinases. The next five R genes that were isolated bore a striking similarity to each other (all contained leucine-rich repeat domains) but had no resemblance to Pto (1) . Thus, at least two families of resistance genes exist and it appears likely that they function as receptors for avr gene products from the pathogens. Protein kinases, for example, have important roles in signal transduction systems in all living organisms. Thus, we are very close indeed to a general understanding of the nature of resistance governed by gene-for-gene systems.
THE DEMISE OF THE GENERALISTS
It takes no great amount of insight to point out, as many have done, that the technical complexities of modern approaches to plant pathology require a great deal of specialization in the profession. It is difficult to become a competent molecular biologist, biochemist, or computer scientist while maintaining expertise in the traditional areas of our science. JC Walker was remarkably prescient when he stated, in 1963, that "Already we see cults developing, who refer to themselves as plant virologists, plant disease physiologists, chemotherapists, plant nematologists, etc., and, I presume just around the corner, plant disease molecular biologists" (my italics). Like religious cults, some of these groups of professionals prefer to worship apart from the mainstream of plant pathology. Just as plant pathology broke away from traditional botany at the end of the century, the nematologists long ago established their own professional society. Most plant virologists prefer to lead a separate existence. Similarly, many of the molecular biologists in departments of plant pathology in this country do not attend the annual meetings of the American Phytopathological Society (APS) and prefer to meet with other molecular biologists. The APS has attempted to meet the problem head on by making the annual scientific programs more inclusive, expanding coverage in Phytopathology and publishing a new journal, Molecular Plant-Microbe Interactions, which has been remarkably successful in retaining much of that research within the fold of plant pathology, and is attracting new members to the Society. These efforts may be successful in maintaining the integrity of our profession in the next century, but I am afraid that we are in the midst of a powerful centrifugal force that will continue to spin off specialty groups. As JC Walker once remarked, these groups may find themselves in outer space but without landing gear (22) .
Research in plant pathology nowadays requires the contributions of experts in many areas of science. Most departments of plant pathology in this country and abroad have added biochemists, molecular geneticists, computer experts, statisticians, etc, and, to a large extent, this influx of specialists has been revitalizing to our profession. But a much fractured profession has resulted. There is a pervasive impression that those colleagues who have remained in the traditional areas of plant pathology have a lower status. The last bastions of generalism in our profession are those in agricultural extension. Yet university departments find it increasingly difficult to attract young graduate students to this area and, in fact, to hire new staff members with adequate training in extension work. This, combined with continuous reductions in financial support from the federal and state governments, has created an environment where the number of extension workers continues to decline and those who remain are overwhelmed by responsibility. Often, their efforts remain unappreciated. Previously, I had occasion to refer to this problem and quoted DB Williams' (15, 24) opinion that extension workers have remained "unhonored, unsung, and hungry for opportunity." Perhaps this is a bit extreme. Awards for extension work are given by several professional societies, including APS. Yet the number of students entering this area continues to decline and in colleges of agriculture, positions in extension usually carry a 50% commitment to research. Apparently, university administrators feel that extension personnel would not have opportunities for advancement unless they can provide a long list of research publications.
It is probably true that the days of broadly trained plant pathologists have come to an end. The field will continue to become more complex. The extension workers of the future will have to become knowledgeable in computer sciences, modern diagnostic procedures based on recombinant DNA, genetically engineered crops, etc, and specialization is the inevitable result. Yet extension workers will have to continue to maintain the connection with growers. Plant pathology exists as an independent field because the growers need us. The day that connection is broken, plant pathology will lose its independence and may continue to exist only as a branch of plant science departments.
OF MERGERS AND ACQUISITIONS
The increased globalization of commerce and industry has resulted, in recent years, in the creation of a large number of huge conglomerates. Large corporations have merged (e.g. Chrysler and Daimler-Benz) and many small companies have been bought out by the larger competitors (e.g. Calgene by Monsanto). Similarly, the farm community has witnessed the creation of very large corporate farms, to the detriment of individual family operations. These changes continue to occur at an increasing pace, all justified on the basis of increased efficiency of operation that is required in a highly competitive, global economy. At the same time, large corporations seem intent on spinning off or eliminating smaller units that are no longer deemed to fit the overall objectives of management. Many criticize these changes because of the inevitable social consequences, but public opinion is unlikely to stem the tide.
Universities have not escaped these tendencies. Even in the midst of a booming economy in the United States, most state university budgets are shrinking. Administrators are under great pressure to introduce increased efficiency and savings by restructuring and reorganizing colleges and departments. In many instances, these changes include dissolving departments of plant pathology and merging their activities with larger units, such as general plant sciences or general biology. This results in the creation of megadepartments whose participants have little in common, other than the fact that they deal with living organisms. Megadepartments are extremely difficult to manage and, often, the smaller components tend to be dominated by the larger players. Savings are not likely to result from such mergers, but this has not deterred university administrators, or CEOs of corporations, from proceeding with these restructuring plans. Needless to say, staff members are generally opposed to these changes, except for some individuals who benefit from better research facilities and/or interactions with other groups who have similar interests.
This change in the ways research and teaching in plant pathology are administered is likely to continue in the coming decade and will not stop until the crescendo of complaints from staff members and growers alike force a reversal. For some departments, however, the process may prove irreversible.
Our distinguished colleague, Al Weinhold, has described in painful detail (23) the process that resulted in the elimination of the Department of Plant Pathology at the University of California-Berkeley, which was one of the most outstanding departments in the world. It was, in fact, the first department of plant pathology in the United States and, along with departments at Cornell, Wisconsin, and Minnesota, was instrumental in converting plant pathology into a legitimate field of research and a cohesive profession at the turn of the century. Plant pathology could not grow as an independent branch of science while attached to large departments of biology or plant sciences. It is fair to say that plant pathology has suffered in institutions where it has remained part of other departments. The details of the problems at Berkeley are not pertinent here. Suffice it to say that the problems resulted from lack of flexibility of an administration bent on structural changes and from a recalcitrant attitude among staff members, many of whom resisted the change because they saw no need to alter a very successful department. Ultimately, the administration prevailed and plant pathologists found themselves attached to several large departments in plant sciences, ecology, and environmental sciences, etc. To a large extent, the department's case suffered from the fact that Berkeley is an urban campus with a large emphasis on basic research, which had to compete with strong agriculturally oriented campuses elsewhere in California.
The case of Berkeley is not unique, of course. Similar changes are planned or have already taken place at many of the major university departments of plant pathology. We must consider that, at a time when research is becoming increasingly interdisciplinary, the merging of plant pathology with larger departments that offer better facilities and opportunities for interactions may be beneficial. In fact, it may be the only way to satisfy the career needs of many of our young colleagues, often recruited from areas outside of plant pathology. We could conclude that the advancement of knowledge is the ultimate goal and that it does not matter how we get there. Yet, as plant pathologists, we cannot be completely altruistic when faced with the loss of integrity of our field of science. In addition, restructuring often results in the forced separation of extension workers from those involved in basic research. This is an unfortunate result of mergers with departments that are not mission-oriented. The strength of our science depends on our ability to combine basic research with direct application of the results to the solution of problems in agriculture. We can do that only if staff members in plant pathology remain together in whatever structure (division, section, subdepartment, etc) the administration finds more efficient.
THE UPS AND DOWNS OF GLOBALIZATION
From its inception, plant pathology has been international in scope. Plant pathogens do not respect country borders and physical as well as human factors have contributed to the worldwide spread of plant diseases for as long as agriculture has been in existence. The charter of APS indicates clearly that it is an international society, and, indeed, the journal Phytopathology, the official organ of APS, is described in the front page of each issue as "An International Journal." Over the years, the Society has been comprised mostly of US members and Phytopathology continues to publish mostly research of local rather than international origin. The situation is somewhat different in Europe, where it has been a tradition that plant pathologists should obtain their early training in tropical countries that are colonies or former colonies. Thus, plant pathology has tended to be far more provincial in the United States than in Britain, France, The Netherlands, etc, where international, collaborative research projects are an integral part of the training of plant pathologists.
The Cold War, however, brought a substantial change in attitude among US plant pathologists. The desire of the US Government to influence other countries politically brought a considerable influx of funds for international projects, many aimed at improving agricultural technology. Beginning in the late 1950s and for 30 years thereafter, many universities, private foundations, and financial institutions became involved in international agriculture. Funds for collaborative research projects were plentiful and, as a result, plant pathology in the United States became increasingly global in outlook. International crop improvement research made a dramatic difference in the amount and quality of food available in developing countries. Wheat, rice, corn, potatoes, beans, cassava, plantains, and other vital staples in developing countries were greatly enhanced through the efforts of scientists in many disciplines, including plant pathology. Our distinguished colleague, Norman Borlaug, received the Nobel Peace Prize for his contributions to the so-called Green Revolution. A great deal of the work was done in the international centers that received their funds as a global network, the Consultative Group on International Agricultural Research (CGIAR). This network, established in 1971, is a true partnership of governmental and private agency support from many countries, but, from its inception, the US Agency for International Development (USAID) was a major contributor.
The APS responded to the increasing interest in international plant pathology among its members. For example, the Society (a) participated in the creation of the International Society for Plant Pathology in 1968; (b) created the Office of International Programs (OIP) in 1986, and (c) a year later, established the journal Molecular Plant-Microbe Interactions (MPMI), which publishes research articles that are predominantly from abroad; (d) appoints a vast array of standing committees on tropical plant pathology, epidemiology, and biotechnology that maintain an international outlook on diseases that are important in developing countries; and (e) bestows awards to international plant pathologists and helps foreign students attend its annual meetings. The OIP has had a library-assistance program for many years and has facilitated the delivery to foreign institutions of journals contributed by our members. In addition, the OIP holds symposia and discussion sessions at APS annual meetings on subjects of international interest, such as the population-food availability issues, international support for agricultural research, or threatening diseases. These, of course, are all worthwhile activities that have improved the international outlook of plant pathology in the United States. However, plant pathology as a field, when compared with other branches of science, has not participated in the very vast process of globalization brought on by improvements in the field of communication. Very large international projects, ranging from studies of the polar cap to ocean drilling, from collaborative space exploration to combating malaria and AIDS epidemics in Africa, are directing the future of mathematics, computer sciences, geology, astronomy, and health sciences. Plant pathology is not participating in any meaningful way in this entire process of globalization. Indeed, the changes that have occurred in the support of international agriculture by the United States have had a deleterious effect. Other industrialized countries, on the other hand, have increased rather than decreased their support of international agriculture.
The fact is that US investments in international agricultural research are declining sharply (14) . The contributions of the United States to the CGIAR during 1998 were less than half what they were in 1990. This mirrors a general reduction in foreign assistance by the US Government, spurred by the end of the Cold War, at a time of budget surpluses and a buoyant economy in the country. Other countries have stepped in to replace the contributions of USAID to CGIAR, but only a $50 million/year infusion by the World Bank has managed to maintain support for the international centers. The research at these centers is vital to the food security of an ever-increasing world population. A reduction in research threatens the benefits that have been gained in the past through crop improvement. Pathogens will mutate, new disease problems will appear, and we will be unprepared to meet this challenge. It is unfortunate that the decline in support has come at the time of unprecedented advances in the field of biotechnology that have revolutionized the approaches to and rapidity of plant improvement. Most developing countries have neither the resources nor the intellectual infrastructure to cope with the development of their own biotechnology programs (16) .
Although the reduction in support for international agricultural research has affected the opportunities for the professional development of many of our young members, APS and, indeed, the entire agricultural establishment, have been remarkably silent in the face of the changes that have occurred over the past decade. The occasional editorial, a meeting here and there, and pronouncements of impending doom are not enough. We must make the case for international agriculture with the only sources of support: the appropriate foreign appropriation committees in Congress and the private foundations.
KEEPING THE FAITH
If many of my readers are like I am, prone to scan only the concluding sentences in an article before moving on to the next article, let me oblige them by providing a short summary. In the preceding pages, I have described many of the most significant advances in the science of plant pathology during the past century. We can be proud of the contributions of plant pathologists to fundamental research as well as our service to growers. I used phytobacteriology and host-parasite interactions as examples of areas that have expanded greatly, particularly in the past decade. The fact that so many colleagues from other areas in biochemistry, genetics, and molecular biology are now contributing to these important areas attests to the interest and excitement that our systems have elicited. Our profession has taken important steps to make certain that plant pathology remains abreast of advancements in the fields of biotechnology and communications.
On the negative side, plant pathologists (a) have not capitalized on many opportunities for discovery in the very systems that they developed, (b) have not participated in a meaningful way in the globalization of science that has occurred in the past 20 years, (c) have not made their case in the face of declining support for international plant pathology by the US Government, and (d) face an uncertain future as members of departments of plant pathology in major US universities, as administrators continue to join the current mania for mergers and increased efficiency of operation. In spite of the mournful tone of these jeremiads, I believe that our field has sufficient strength and cohesiveness to survive these current problems and move on to an exciting future in the new century.
Let me justify this apparent contradiction. Plant pathology exists because the growers need us. That need will increase as the demands for increasing production from the same acreage of arable land also increase. The inexorable demographic pressures in the next 50 years, demanding an adequate diet for some 9 billion inhabitants by 2050, may be met only by improvements in agricultural technology. And much of that technology will depend on the ability of plant pathologists to devise new and better methods for disease control that are less destructive to the environment. Many of the applications of biotechnology will be focused, as indeed they already are, on disease and pest control. These improvements will require increasing attention to basic science and more rapid application of the results to solve specific crop production problems. I believe that the governments of the industrialized countries will have no alternative but to increase the resources devoted to international agriculture. This, inevitably, will result in increasing opportunities for adequately trained plant pathologists.
Many of the problems alluded to before, it must be pointed out, apply only to the United States. Although the United States continues to lead in many areas of science, other countries are now rapidly catching up and, I predict, will surpass the United States in the number and quality of research projects in plant pathology. I have no data as a basis for this prediction. It is an impression based on the increasing numbers of contributions from laboratories outside the United States to Annual Review of Phytopathology, Molecular Plant-Microbe Interactions, The Plant Cell, and others. The willingness of the European Union, Japan, Australia, and even some lesser players to support international plant pathology is likely to increase in the future. Witness the efforts of Japan and the European Union to step in and replace the funding for CGIAR that USAID was no longer willing to contribute. Thus, the interest in and funding for plant pathology research in the next century, on a global basis, are likely to surpass even our most optimistic predictions.
We should remember that agriculture in the twenty-first century, in much of the world, will be unlike what we have today. The change from family farms to large corporate structures is inevitable, but, more dramatically, the needs for food, fiber, and energy production will create a significant change in the way we grow, and thus the way we protect crops. As fossil fuels disappear, new sources of energy will become essential, including fuels derived from agricultural products, ethanol from starch and methane from fermentation of organic matter. Biomass production may well be the focus of modern agriculture. This, in turn, will require that we obtain more food from a declining acreage, and that we increase technical support for the newer techniques, such as no-till and other procedures that conserve the soil and make agriculture more sustainable. I cannot imagine that these changes will come about without an energetic contribution from plant pathology. If I am allowed to paraphrase my friend, Glenn S. Pound, I have a dream that the next century will prove to be a fort of strength for plant pathology, a fountainhead of knowledge where students will drink, and the waters of which will wet the dry lands of the whole world.
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